Introduction

▼
Pain has been identifi ed as the most relevant symptom in fi bromyalgia [ 1 , 30 ] . There is an inverse association between pain and functional capacity levels in these patients [ 8 ] , and there is evidence that pain and fatigue signifi cantly impair health-related quality of life [ 34 ] . This body of literature highlights the importance of treating pain in the fi bromyalgia population. The Ottawa Panel recommended the use of regular physical exercise in order to manage fi bromyalgia symptoms [ 3 , 4 ] . Physically active fi bromyalgia patients are able to maintain their ability to modulate pain better than those who are less active [ 12 , 22 ] . Therefore, physical exercise plays a role in balancing these processes. Together with the physical exercise, the mind-body exercise (which incorporates human biological and psychological aspects into treatment, with the intent of using the mind to aff ect physical functioning and promote health [ 32 ] ) and relaxation therapies can increase pain tolerance in fi bromyalgia patients [ 6 , 7 , 11 ] . New approaches which combine the aspects mentioned above are needed in Tai-Chi has shown benefi ts in physical and psychological outcomes in diverse populations. We aimed to determine the changes elicited by a Tai-Chi program (12 and 24 weeks) in acute pain (before vs. after session) in fi bromyalgia patients. We also assessed the cumulative changes in pain brought about by a Tai-Chi program. Thirty-six patients (29 women) with fi bromyalgia participated in a low-moderate intensity Tai-Chi program for 12 weeks (3 sessions/week). Twenty-eight patients (27 women) continued the program for an additional 12 weeks (i. e., 24 weeks). We assessed pain by means of a Visual Analogue Scale (VAS) before and after each single session (i. e., 72 sessions). We observed signifi cant immediate changes (P-values from 0.037 to 0.0001) with an approximately 12 % mean decrease of acute pain in the comparison of VAS-values before and after each session (72 sessions in total), with the exception of 4 sessions. We observed signifi cant changes in cumulative pain pre-session (95 % CI = − 0.019; − 0.014; P < 0.001) and cumulative pain post-session (95 % CI = − 0.021; − 0.015; P < 0.001) along the 24-week intervention only. In conclusion, a low-moderate intensity Tai-Chi program for 12 weeks (3 times/ week) decreased levels of acute pain in fi bromyalgia patients. A longer period is necessary (e. g. 24 weeks) for observing cumulative changes in pain.
obic capacity, agility-dynamic balance, total score of Fibromyalgia Impact Questionnaire (FIQ), and the dimensions of physical function, anxiety and depression in 4 of 6 men [ 10 ] . These studies reported improvements in pain by means of the FIQ-pain subscale [ 17 , 27 , 32 ] , the Brief Pain Inventory short form [ 17 ] , the total number of tender points and algometer score [ 27 ] and by the Short Form Health Survey (SF-36) bodily pain subscale [ 27 ] . While a positive reduction of pain after a Tai-Chi program in fi bromyalgia patients has been described [ 17 , 27 , 32 ] , further research is needed to support evidence-based practice [ 32 ] . The warm water pool-based exercise intervention has shown a decrease in acute pain in female fi bromyalgia patients [ 29 ] .
There is a need to better understand whether other physical exercise therapies have the same eff ect as a warm water poolbased exercise intervention in acute pain in this population. It is of importance to know if a single session of Tai-Chi exercise brings about an immediate decrease in acute pain in fi bromyalgia patients, and whether there is a cumulative decrease in pain through a Tai-Chi program. Therefore, the aim of the present study was to ascertain the changes elicited by a Tai-Chi program lasting 12 or 24 weeks (3 sessions/week) in the acute pain experienced by fi bromyalgia patients. We also studied the cumulative changes in pain brought about by the Tai-Chi program.
Materials & Methods
▼
Participants
We contacted 2 fi bromyalgia associations from Granada and Motril (South of Spain). A total of 51 patients gave their written informed consent after receiving detailed information about the aims and study procedures. The inclusion criteria were: 1) meet- 
Tai-Chi intervention
The Tai-Chi program was based on the classical Yang Style: extended and natural postures, slow and even motions, light and steady movements, and curved, fl owing lines of performance [ 31 ] . The Tai-Chi intervention took place 3 times a week for 12 or 24 weeks, with each session lasting 60 min. Each session consisted of the following: 15 min of warm-up with stretching, mobility and breathing techniques; 30 min of Tai-Chi exercises principles and techniques; and 15 min of cool-down (various relaxation methods). The intervention consisted of 8 forms from Yang Style Tai-Chi, with minor modifi cations that were suitable for patients with fi bromyalgia. For example, during the fi rst 2 weeks some exercises were performed with the participants sitting to avoid excessive fatigue. A Tai-Chi master with teaching experience conducted the lessons. The fi rst 2 weeks of the intervention were focused on learning fundamental movement patterns. In subsequent sessions, patients practiced 8-Form, Yang Style Tai-Chi under the master's supervision. Rate of perceived exertion (RPE) based on Borg's conventional (6-20 point) scale [ 2 ] was used to assess training intensity. The RPE intervention mean value was ~11.5 points. This RPE value corresponds to a subjective perceived exertion of 'fairly light exertion and somewhat hard exertion', i. e., low-moderate intensity. 
Measures
Tender points
We used a standard pressure algometer (EFFEGI, FPK 20, Italy) to assess the tender points according to the ACR criteria for classifi cation of fi bromyalgia [ 36 ] . Two successive measurements at each tender point were assessed and the mean value was used for the analysis. A pressure of 4 kg/cm 2 or less was scored as a positive tender point. The total count of positive tender points was recorded for each participant.
Body composition
A bioelectrical impedance analysis with an 8-polar tactile-electrode impedance meter (InBody R20, Biospace, Seoul, Korea) was performed. Weight (kg) was measured, while body fat percentage and skeletal muscle mass (kg) were estimated. This instrument has been previously validated [ 20 ] . Waist circumference (cm) was measured by means of a measuring tape (Harpendem anthropometric tape Holtain Ltd.) at the middle point between the ribs and ileac crest, with the participant standing. Height (cm) was measured with a stadiometer (Seca 22, Hamburg, Germany) and body mass index (BMI) was calculated (kg/m 2 ).
Acute pain
A Visual Analogue Scale (VAS) for pain was administered immediately before (pre) and after (post) each Tai-Chi session. The VAS is a simple assessment tool consisting of a 10 cm line with 0 on one end, representing no pain, and 10 on the other, representing the worst pain ever experienced, which the patients mark to indicate the severity of pain at the present moment. The validity of the VAS has been previously demonstrated [ 25 ] . This tool has been highly recommended for measuring pain in fi bromyalgia patients [ 26 ] .
Statistical analyses
Descriptive analysis (i. e., mean, standard deviation and frequency) was used to analyse demographic and clinical (tender points count and body composition parameters) variables. The KruskalWallis test was used to corroborate the equality of baseline characteristics of participants allocated in the diff erent sites. Because pain variables were not normally distributed, nonparametric tests were used. Pain diff erences (pre vs. post) before and after each session were analysed using the non-parametric Wilcoxon test. To study the cumulative changes in pain pre, post, and pre vs. post changes we created linear mixed models adjusting for age, BMI, attendance (number of real sessions) and baseline pain (fi rst session). The statistical signifi cance level was set at P ≤ 0.05. The Statistical Package for Social Sciences (IBM-SPSS, v. 20.0 for WINDOWS) was used to perform the analysis.
Results
▼
Four patients discontinued the program due to family commitments, personal and health problems, and 3 were excluded for attending less than 60 % of the program (attendance: 22.2 %, 33.3 % and 52.8 %). A total of 36 (83.7 %) and 28 (65.1 %) participants carried out the 12-and 24-week intervention program, respectively, and were included in the fi nal analysis. There were no diff erences between the female and male groups in baseline pain (P = 0.41) or any other socio-demographic and clinical variable, except in the occupational status (housewife 65 % vs. 17 %, retired 4 % vs. 67 %; P = 0.005, respectively) and muscle mass (23.7 ± 3.4 vs.
31 
Discussion
▼
The present study showed that a single session of Tai-Chi exercise decreases acute pain in fi bromyalgia patients. Moreover, Tai-Chi is a potentially useful therapy at reducing pain in fi bromyalgia patients over the long-term, since cumulative positive changes in pain were observed starting with the 16 th week of the program. No adverse eff ects were detected. The intervention was well tolerated by the patients and did not have any detrimental eff ects on patients' health, suggesting that Tai-Chi is an adequate and safe practice for fi bromyalgia participants. These fi ndings highlight the benefi t of a single Tai-Chi session on the acute pain experienced by fi bromyalgia patients.
To the best of our knowledge only one study reported pre-vs. post-session pain changes by means of the VAS [ 29 ] . In that study, researchers carried out a 12-week (2 sessions/week) warm water pool-based exercise intervention and concluded that the program improved levels of acute pain after each session [ 29 ] . The results of the current study are consistent with these previous fi ndings, showing that Tai-Chi can be as eff ective as a warm water pool-based exercise intervention in decreasing acute VAS-pain after each single session. In the present study we observed that mean VAS-pain decreased after all but four sessions. The same procedures and characteristics were carried out in all the sessions except during the fi rst 2 weeks when patients were sitting to progressively adapt the exercise to their conditions and avoid exacerbating symptoms. Hence, we do not know the reason why no signifi cant reductions were observed in these four sessions. The results of the present study showed that one Tai-Chi session by itself can be eff ective in improving the perception of acute pain and thus promoting an analgesic eff ect. A recent review which addressed acute bouts of exercise (i. e., unilateral contractions and submaximal cycle exercise), points to a dysfunction of endogenous analgesia during muscle activity and aerobic exercise in fi bromyalgia patients [ 24 ] . While these fi ndings do not concur with ours, it is important to note that this previous study addressed only static and extenuating muscular contractions and submaximal cycle exercise [ 24 ] . These acute bouts of exercise are characterized by incrementing musculoskeletal pain, stiff ness and fatigue in fi bromyalgia patients [ 15 , 18 ] . Instead, we performed complete sessions of Tai-Chi exercise, characterized by gentle movements, non-maintained muscle contractions and low-moderate intensity exercise. The multicomponent combination, physical exercise and mind-body practice of Tai-Chi has an immediate short-term usefulness and should be considered as an option for treating acute pain in fi bromyalgia. To the best of our knowledge, there are no other studies investigating the immediate changes of a single Tai-Chi session in acute pain that can be used for comparison. Cumulative changes in pain over time were studied in the present study in order to investigate whether participants decreased their pain levels as the program progressed. We did not observe changes in pain in the fi rst 12 weeks (36 sessions) of interven- tion. These results are consistent with previous fi ndings of our group, which showed a warm water pool-based exercise intervention to elicit no cumulative changes in pain in female fi bromyalgia patients over a 12-week (2 sessions/week) intervention program [ 29 ] . Apart from the intervention treatment (Tai-Chi vs. warm water pool-based exercise), we showed that the weekly frequency (3 sessions/week) of the program does not appear to be eff ective at increasing the effi cacy of the program in treating cumulative pain, since both studies observed the same results. However, diff erent results were obtained when the Tai-Chi intervention was continued for a further 12 weeks (72 sessions in total). In this case, a signifi cant day-by-day decrease in pain pre-session and pain post-session was observed. This means that as intervention progresses, the participants experience a decrease in total pain levels. Therefore, under our experimental conditions, a Tai-Chi intervention longer than 12 weeks (3 sessions/week) is necessary to observe cumulative changes in pain, at least as measured by means of a VAS. Our signifi cant longterm results might be not clinically relevant due to the low levels of VAS-pain decrease. But these slight changes in pain may otherwise be enough to increase the quality of life in fi bromyalgia individuals. Furthermore, our fi ndings highlight the need for maintaining physical exercise over time in order to obtain greater benefi ts. Only one previous study observed benefi ts after a 12-week TaiChi intervention program (twice/week) in global pain as measured by means of a VAS in fi bromyalgia patients [ 35 ] . It must be noted that the researchers of that study measured pain just before and after the treatment [ 35 ] . Other 6-, 12-and 28-week Tai-Chi intervention studies on fi bromyalgia patients used the FIQ-pain subscale to assess pain before and after the intervention [ 17 , 27 , 32 ] . However, the FIQ-pain indicates the pain over the previous week, whereas in the present study we inquired about the current state of pain. The Brief Pain Inventory has also shown pain improvements after a 12-week Tai-Chi intervention [ 17 ] in fi bromyalgia patients. Pain decreases as assessed by means of the algometer score item have also been observed previously in male [ 10 ] and female [ 27 ] fi bromyalgia patients. The methodological diff erences among these previous studies and ours do not allow a direct comparison of results. However the body of literature suggests a decrease in pain levels following a Tai-Chi intervention [ 17 , 27 , 32 , 35 ] . Generally, physical exercise has proven to be eff ective in the management of fi bromyalgia [ 3 -5 ] . Moreover, fi bromyalgia patients who are more physically active exhibit lower levels of pain perception [ 21 ] . Exercise therapies are relatively economical, easily accessible and widely used in clinical practice as a strategy for pain management [ 3 , 4 ] . Aerobic exercise [ 5 , 33 ] , aquatic exercise [ 23 , 29 ] and multidisciplinary programs [ 7 ] have exhibited benefi ts in pain and symptomatology in fi bromyalgia patients. Recently, there has been an increase in new exercise interventions being applied for managing fi bromyalgia (some examples include: Tai-Chi, Biodanza, Yoga, breathing exercises) [ 5 ] . These therapies have accordingly exhibited great benefi ts for the fi bromyalgia population [ 6 , 11 , 27 , 35 ] . The fi ndings of the present study incorporate a better understanding of the fi eld of active approaches in fi bromyalgia, demonstrating the eff ectiveness of Tai-Chi for treating acute and long-term pain.
A limitation of the current study is that we did not collect data on the next day or on the fi rst two consecutive days after the session. This is important for knowing how long the decrease in pain lasts. A minimally important clinical change of ~15 % in VAS-pain has been reported by a previous study in chronic musculoskeletal pain, which concurs with our study results in acute pain [ 28 ] . Because, however, a change of 30 % has been considered to be a "much better" improvement [ 13 , 28 ] , our results might not be considered clinically relevant. Nevertheless, the pain reduction demonstrated in the present study supports the eff ectiveness of Tai-Chi treating the fi bromyalgia pain symptom. We were unable to perform separate analyses for women and men due to the limited sample of men. Future studies should be conducted using a greater sample of men to demonstrate whether men and women exhibit the same trends or whether there are gender diff erences in acute pain perception. Further research is needed to verify the present fi ndings. Finally, to compare land-and water-based exercise would aid in determining which environment induces greater benefi ts for fi bromyalgia patients.
Conclusions
▼
In summary, the present study showed that a 12 or 24-week (3 times/week) low-moderate Tai-Chi program decreases acute pain in fi bromyalgia patients. Moreover, sustained, cumulative positive changes in pain were observed when the program reached 16 weeks, suggesting that Tai-Chi is an adequate and potential therapy for reducing acute and cumulative (long-term) pain in fi bromyalgia patients. 
